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Preface

AviaTioN WEATHER is published joinidy by the FAA Flight Standaids Service
and the National Weather Service (NWS,. The p blication began in 1943 as CAA
Bulletin No. 25, “Meteorology for Pilots,” which at the G contimed weather
knowledge considered essential for most pilots. But as wrcraflt flew farther, faster,
and higher and as meteorolegical knowledge grew, the bulletin became obsolete. ¢
was revised in 1954 as Pilots’ Weather Handbook” and again in 1965 under its
present title.

All these former editions suffered from one commaon problem. They dealt in
part with weather services which change continually in keeping with current tech-
niques and service demands. Therefore, each edition became somewhat outdated
almost as soon as published; and its obsolescence grew throughout the period it
remained in print.

{o alleviate this problem, the new authors have completely rewritten this edition
streamlining it into a clear, concise, and readable book and omitting all reference
to specific weather services. Thus, the text will remain valid and adequate for many
years. A companion manual, Aviarion WeaTHEer SErvices, Advisory Circaliar 00-45,
supplements Aviation Weatiier. This supplement (AC 00-45) periodically is updated
to reflect changes brought about by latest techniques, capabilities, and service demands.
It explains current weather services and the forinats and uses of weather charts and
printed weather messages. The two manuals are sold separately; so at a nominal cost,
a pilot can purchase a copy of the supplement (AC 00-45) periodically and keep
current in aviation weather services.

C. Hugh Snyder, National Weather Service Coordinator and Training Con-
sultant at the FAA Academy, directed the preparation of Aviation WeaTiter and
Aviation WEATHER Services. Te and his assistant, John W. Zimmernan, Jr., did
much of the writing and edited the final manuscripts. Recognition is given to these
meteorologists on the NWS Coordinator's stafl who heiped write the original manu-
script, organiz. the contents, and plan illustrations: Milton Lee Harnson, Fdward
A. Jessup, Joe L. Kendall, and Richard A. Mitchem. Beatrice Emery deserves special
recognition for her relentless effort in typing, retyping, proofing, correcting, and
assemoling page after page of manuscript. Miny other offices and individuals have
contributed to the preparation, editing, and publication of t} two volumes,
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Introduction

Weather is perpetual in the state of the atmosphere. All flying takes place in
the atmosphere, so flying and weather are inseparable. Therefore, we cannot treat
aviation weather purely as an academic subject. Throughout the book, we discuss
each aspect of weather as it relates to aircraft operation and tlight safety. However,
this book is in no way an aircraft operating manual. Each pilot must apply the
knowledge gained here to his own aircraft and flight capabilitics,

The authors have devoted much of the hook to marginal, hazardous, and violent
weather which becomes a vital concern. Do not let this disproportionate time devoted
to hazardous weather discourage you fromn flying. By and large, weather is generally
good and places little restriction on flying., Less frequently, it becomes a threat to
the VFR pilot but is good for IFR flight. On some occasions it becomes too vielent
even for the TFR pilot.

It behooves every pilot to learn to appreciate good weather, to recognize and
respect marginal or hazardous weather, and to avoid violent weather when the atmo-
sphere is on its most cantankerous behavior. For your safety and the safety of those
with you, learn to recognize potential trouble and make sound flight decisions before
it is too late. This is the real purpose of this manual.

AviaTiION WEATHER is in two parts. Part I explains weather facts every piiot
should know. Part Il contains topics of special interest discussing high altitude,
Arctic, tropical, and soaring weather, A glossary delines terns for your reference
while reading this or other weather writings. o get a complete opérational study,
you will reed in addition to this manual a copy of AviATION WEATHER SERVICES,
AC 00-45, which is explained in the Preface.

We sincerely believe you will enjoy this book and at the same time increase
your flying safety and economy and, above all, enhance the pleasure and satisfaction
of using today's most modern transportation.

xm



Part ONE

WHAT YOU SHOULD KNOW
ABOUT WEATHER
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Chapter 1

7 THE EARTH PpES )
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£

THE EARTH’S ATMOSPHERF

Planet Earth s unique in that s atmosphere
sustuins Jife as we know it Weather the state of
the atmosphere g ANYoiven e and plarce
strongly influences anr daily routine asowell as onr
general Bife patterns, Virtaally all of our activities
are allected by weather, but of all man's endeav-
o8, wone s influenced more intimnztely by weather
than aviation,

Weather is complex and at times difficult 1o un-

derstand, e restliss atmosphere is alimost con-

Stantly i motion as it strives reach cquitibrinn.

These never-ending air movements set up chain
reactions which culininate jn g continuing variety
of weather, Later chapters in this hook dejve into
the atmosphere in motion. his chapter laoks brief.

Iy at our atmosphere in wens of s Composition ;
vertical stracture : (he stanclard atmosphere: and of
special concern o you,

the pilot, density  and
hypoxia.



COMPOSITION

Air is a mixture of several gases, When com-
pletely dry, it is about 78%6 nitrogen and 219 oxy-
gen. The remaining 19 is other gases such as
Argon, Carbon Dioxide, Neon, Helium, and others.
Figure | graphs these proportions. However, in na-
ture, air is never completely dry. It always contains
some water vapor in amounts varying from almost
zero to about 5% by v~lume. As water vapnr con-
tent increases, the other gases decrease propor-
tionately.

VERTICAL

We classify  the aunosphere oo layers, or
spheres, by characteristics exhibited in these lay-
ers. Figure 2 shows one division which we use in

this book. Since most weather occurs in the tropo-

sphere and since most flying is in the troposphere
and stratosphere, we restrict our discussions mostly
to these two layers.

The TROPOSPHERE is the layer from the sur-
face to an average altitude of about 7 miles. Tt is
characterized by an overall decrease of wemperature
with increasing altitude. The height of the tropo-
sphere varies with latitude and seasons. It slopes
from about 20,500 feet over the poles to about

THE STANDARD

Continual fluctuations of temperature and pres-
sure in our restless atmosphere create some prob-
lems for engineers and meteorologists who require
a fixed standard of reference. To arrive at a stan-
dard, they averaged conditions throughout the at-
mosphere for all latitudes, seasons, and altitudes.

The result is a STANDARD ATMOSPHERE with

2

PRy

Figury 1. Composition of a dry atmosphere. Nit:ogen
comprises about 789,; oxygen, about 217, and other
gases, about 177, When water vapor is added, the per-
centages doorear. proportionately. Water vapor varies
from almost none to about 59 by volume.

STRUCTURE

65,000 feet over the Equator: and it is higher in
surmer than in winter

At the top of the troposphere is the TROPO-
PAUSE, a very thin laver markine the boundary
between the troposphere and Che layer above. The
height of the tropopause and cettain weather phe-
nomena are related. Chapter 13 discusses in detail
the significance of the tropopause to flight,

Above the tropopause is the STRATOSPHERE.
This layer is typihied by relatively small changes in
temperature with height eveept for a warming
trend near the top.

ATMOSPHERE

specificd sea-level temperature and pressure and
specific rates of change of temperature and pres-
sure with height, Tt is the standard for calibrating
the puessure altimeter and developing aireratt per-
tormance data. We refer to it often throughout this
book.
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troposphere and the stratosphere,

DENSITY AND HYPOXIA

Airis matter a: d has weighi, Since it is Laseous,
it is compressible. Pressure the atmosphere exerts
on the surface is the result of the wetght of the air
above, Thas, air near the sinface s mach more
dense than air at hich altitudes, This decrease of
density and pressure with height enters frequently
into our discussions in later chapters.

The decrease inair density with increasing height
has a physioloyical effect which we cannot nnore,
The rate at which the lungs ahsorb oxveen depends
on the partial pressure exerted by oxygen in the

air. The atmosphere is about one-fifth OXVECD, SO
the oxygen pressure s about one-tifth the total
presoure-at any given altitude. Norally, our lungs
are accustoned o oan oxyien pressure of aboat 3
pounds per square inch. Bui, since air pressure de-
creases as altitude inereases, the ONVLCI pressure
also decreases. A pilot continuously waining adii-
tude or mking o prolonged Mignt at hieh altoode
without supplemental oxyeen will likelv saffer from
HYPONTA—2 deficiency of oxygen. The effects
are a feeling of exhaustion: an pairnient of

3



vision and judgment; and finally, unconsciousness.
Cases are known where a person lapsed into un-
consciousness without realizing he was suffering
the eflects.

When flying at or above 10,000 feet, force
yourself to remain alert. Any feeling of drowsiness
or undue fatigue may be from hypoxia. If you do

not have oxygen, descend to a lower altitude. If
‘atigue or drowsiness continues after descent, it is
caused by something other than hypoxia,

A safe procedure is to use auxiliary oxygen dur-
ing prolonged flights above 10,000 feet and for
even short flights above 12,000 feet. Above about
40,000 feect, pressurization becomes essential.



Chapter 2
TEMPERATURE

Since carly childhood, you have expressed the
comfort of weather in degrees of temiperature,
Why, then, do we stress temperature in aviation
weather? Look at your flight computer; tempera-
ture enters into the computation of most param-
cters on the computer. In fact, temperature can

be critical to some flight operations. As a founda-
tion for the study of temperature effects on avia-
tion and weather, this chapter deseribes comionly
used temperature scales, relates heat and tempera-
ture, and surveys temperature variations both at
the surface and aloft.



TEMPERATURE SCALES

Two commonly used temperature scales are
Celsius (Ceutigrade) and Fahrenheit. The Celsius
scale is used exclusively for upper air temperatures
and is rapidly becoming the world standard for
surface temperatures alo.

Traditionally, two common temperature refer-
ences are the melting point of pure ice and the
boiling point of pure water at sca level. The melt-
ing point of ice is 0° C or 32” F; the boiling point
of water is 100° C or 212° F. Thus, the difference
between melting and botling is 100 degrees Celsius
or 180 degrees Fahrenheit: the ratio between de-
grees Celsius and Fahrenheit 1s 100/180 or 5/9.
Since 0° F is 32 Fahrenheit degrees colder than 0°
C, you must apply this difference when comparing
temperatures on the two scales. You can convert
from one scale to the other using one of the
following formulace:

C= 5—{1-’ —
9

9

F=:C+ 32

wu

where C is degrees Celsius and F is degrees Fahren-
heit. Figure 3 compares the two scales. Many flight
computers provide for direct conversion of temper-
ature from one scale to the other. Section 16, Avia-
Tion WisTher Skrvices has a graph for temper-
ature conversion.

Temperature we measure with a thermometer.
But what makes a thermometer work? Simply the
addition or removal of heat: Heat and teinperature
are not the same; how are they related?

HEAT AND

Heat is a form of energy. When a sabstance con-
tains heat, it exhibits the property we measure as
ternperature—the degree of “hotness”™ w “Coid-
ness.” A specific amount of heat absorbed by or
removed from a substance raises or lowers its tems-
perature a definite amount. However, the amount
of temperature change depends on characteristics
of the substance. Each substance has its unique
temperature change for the specific change in heat.
For example, if a land surface and a water surface
have the same temperature and an equal amount
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Firioer 3,
are the Fahrepheit and the Celsins. 9 degrees on the
Fahrenheit scale equal 5 degrees on the Celsius,

The two teimperature seales in connon use

TEMPERATURE

of heat 1s added, the land surface becomes hotter
than the water surface. Conversely, with equal heat
loss, the land becomes colder than the water.

The Farth receives energy from the sun in the
for.n of solar radutan, The Farth and its atmo-

55 percent of the radiation

sphere reflect about
and absorh the remaining 45 pereent converting it
to heat, ‘The Earth, in turn, radiates cuergy, and
this outgoing radiation is “terrestrial radiaton.” It
is evident that the average heat gained from in-
coming solar radiation must equai heat lest through



terrestrial radiation in order to kep he (...
from getting progressively hotter or colder. How-
ever, this balance is world-wide; we must consider

regional and local imbalances which create temper-
ature variations.

TEMPERATURE VARIATIOIS

The amount of solar energy recei ¢ @ hv any re-
gion varies with time of day, with sew., s -, and with
latitude. These differences in solar energy create
temperature variations. Tewperatures aiso vary
with differences in topographical surface and with
altitude. These temperature variations create forces
that drive the atmosphere in its endless rotinns.

DIURNAL VARIATION

sturnal variation is the change in temperature
from day to night brought about by the daily rota-
tion of the Earth. The Farth receives heat Huring
the day by solar radiation but continually loses
heat by terrestrial radiation.Warming and cooling
depend on an imbalance of solar and terrestrial
radiation. During the day, solar radiation exceeds
terrestrial radiation and the surface becomes
warmer. At night, s¢ 1 adiation ceases, but ter-
restrial radiation con ' ics and cools the surface,
Cooling continues after sunrise until solar radiation
again exceeds terrestrial radiation, Minimum tem-
perature usually occurs after sunrise. sometimes as
much as one hour after. The continued cooling
after sunrise is one reason that fog sometimes forms
shortly alter the sun is above the horizon, We will
have more to say about divmal variation and wopo-
graphic rurfaces,

SEASONAL VARIATION

In addition to its daily rotadon, the Farth re-
volves in a complete orbit around the sun once each
vear. Since the axis of the Earth tilis to the plane
of orbit, the angle of incident solar radiation varies
seasonally  between  hemispheres. The Northern
Hemisphere s warmer in Juneo July, and August
because it receives more solar enerey than does the
Southern Hemisphere, During Decernber, January,
ali'l February, the opposite is true: the Southern
Hemisphere receives more solar energy and s
warmer, Figures 4 and 5 show these seasonal sur-
face temperature variations.

VARIATION WITH LATITUDE .
The shape of the Earth causes a geographical
variation in the angle of incident solar radiation.

Since the Earth is essentially spherical, the sun is
more nearly overhead in equatorial regions than at
higher latitudes, Equatorial regions, therefore, res
ceive the most radiant energy and are wirnest,
Slanting rays of the sun at higher latitudes deliver
less enerey over a given area with the Teast being
received at the poles. 'Phus, tenperature varies with
latitude from the wann Equator o the cold poles.
You can see this average temperatare gradient in

£

figures 4 and 5.

VARIATIGNS WITH TOPOGRAPHY

Naot related to movement or shape of the carth
are temperature viniations induced by water and
terrain. As stoted carlier, water absorbs and radi-
ates energy with less temperature change than does
Tad. Large, deep water bodies tend to jnmimize
temperature changes, while continents Tavor Targe
changes. Wet soil such as tnswamps and marshes
is almost as elfective as water<in suppressing tem-
perature changes, Thick vegetation tends to control
temperature changes since 10 contains some water
and also insalates aeamst heat transfer between the
ground and the atmosphere. Arid, barren surfaces
permit the meatest wempesnture changes.

These topographical influences are both dinrnal
and seasonal. For example, the difference between
a datly maximum and ninimam may be 102 or
less over water, near ashore line, or over a swamp
or marsh, while a ditfc ence of 507 or more s
common over rocky or sandy deserts. Figures
and 5 show the seasonal topogrphical variation,
Note that in the Northern Hemisphere in July
temperatures iare warimer over continents than over
occeans: in January they are cold: over continents
than over oceans, The opposite is ‘rue inc the South-
ern Hemisphere, but not as pronounced hecause of
more water smface in the Soathern Hemisphere,

To compare Land and water effect on seasonal
temperatire variation, look at novthern Asia and at
southern: California near San Diceo, Tn the aeep
continental interior of northern Asia, July averace
temperature 1s about 07 Foand Januay average,
307 1. Seasonal ranee i abont 807 1. Near
San Dicgo, due to the proximity of the Pacifie

about

7
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Fioure 4. World-wide average surface temperatures in July. In the Northern Hemisphere, continents generally are
warmer than oceanic areas at corresponding latitudes. The reverse is true in the

Southern Hemisphere, but the contrast
is not so evident because of the sparcity of land surfaces.
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Fiouke 5. World-wide average surface temperatures in January when the Northern Hemisphere is in the cold season and
the Southern Hemisphere is warm. Note that in the Northern Hemisphere, continents are colder than o canic areas at
corresponding latitudes, and in the Southern Hemisphere continents are warmer than oceans.




Ocean, July average is about 70° F and January av-
erage, 50° I, Seasonal variation is only about 20° F,

Abrupt temperature differences develop along
lake and ocean shores. These variations gencrate
pressure differences and local winds which we will
study in later chapters. Figure 6 illustrates a possi-
ble effect.

Prevailing wind is also a factor in temperature
controls. In an area where prevailing winds are
from large water bodics, temperature changes are
rather small. Most islands enjoy fairly constant
temperatures. On the other hand,  temperature
changes e more pronounced  where prevailing
wind is from dry, barren regions.

Air transfers heat slowly from the surface up-
ward. Thus, temperature changes aloft are more
gradual than at the surface. Let's look at tempera-
ture changes with altitude.

VARIATIOCN WITH ALTITUDE

In chapter
mally decreases with inereasing altitude throughout

1. we learned that temperature nor-

the woposphere. This decrease of temperature wwith
altitude is delined as lapne rate, The average de-
crease of temperature-—average lapse rate-—in the
troposphere is 27 C per 1,000 feet. But since this
is an average, the exact value seldom exists. In
fact, temperature sometimes increases with height
through a layer. Awn increase in temperature with
altitude is defined as an inversion, ie.,

is inverted.

lapse rate

An inversion often develops near the wronnd on
clear, ool nights when wind s ficht, The gronnd
radiates and cools much faster than the overlying
air. Airin contact with the ground hecomes cold
while the temperatiure a few hundied feet above
Thus,

clianges very Jicde, WENPeranee i eses

Ficure 6.

oo b .“
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Temperature differences create air movement and, at times, cloudiness.



with height. Inversions may also occur at any alti-
tude when conditions are favorable. For example,
a current of warm air aloft overrunning cold air

Fiourx

aloft.

SURFACE

mvzns:on\ .

-

near the surface produces an inversion aloft, Figure
7 diagrams temperature inversions both surface and
aloft. Inversions are common in the stratosphere.

7. Inverted lapse rates o “inversions.” A lapse rate is a decrease of temperature with height. An inversion is an
increase of temperature with height, i.e., the lapsc rate is inverted. Shown here are a surface inversion and an inversion

IN CLOSING

Temperature affects aircraft performance and is
critical to some operations. Following arc some op-
erational pointers to remember, and inost of them
are developed in later chapters:

L.

10

The aircraft thermometer is subject to in-
accuracies no matter how good the instru-
ment and its installation, Position of the
aircraft relative to the sun can cause errors
due to radiation, particularly on a parked
aircraft. At high speeds, aerodynamical ef-
fects and fricti~n are basically the causes of
iraccuracies.

High temperature reduces air density and
reduces aircralt perfurmance (chapter 3).
Diumal and top.ographical temperature
variations create local winds (chapter 4).

t.

5

Diurnal cooling is conducive to fog (chap-
ter 3).

Lapse rate contributes to stability (chapter
6), cloud formation (chapter 7), turbulence
(chapter 9), and thunderstorms (chapter
11).

An inversion aloft permits warm rain to fall
through cold air below. Temperature in the
cold air can be critical to icing (chapter
10).

A ground based inversion favors poor visi-
bility by trapping fog, smoke, and other
restrictions into low levels of the atmo-

sphere (chapter 12).



Chapter 3

ATMOSPHERIC PRESSURE

AND ALTIMETRY

When you understand pressure, its measure-
ment, and effects of temperature and altitude on

pressure, you can more readily grasp the signil-
icance of pressure and its application to altimetry.

ATMOSPHERIC PRESSURE

Aumospheric pressure is the force per unit arca
exerted by the weight of the atmosphere. Since air
is not solid, we cannot weigh it with conventional
scales. Yet, Toricelli proved three centuries ago
that he could weigh the atmosphere by halancing
it against a column of mercury. He actually mea-
sured pressure converting it dircctly to weight,

MEASURING PRESSURE

The instrument ‘Toricelli designed for measuring
pressure is the barometer, Weather services and the
aviation conumunity usc two types of barometers in
measuring pressure—the mercurial and aneroid.

1



The Mercurial Barometer

The mercurial barometer, diagrammed in figure
8, consists of an open dish of mercury into which
we place the open end of an evacuated glass tube.
Atmospheric pressure forces mercury to rise in the
tube. At stations near sca level, the column of mer-
cury rises on the average to a height of 29.92 inches
or 760 millimeters. In other words, a column of
mercury of that height weighs the same as a col-
umn of air having the same cross scction as the
column of mercury and extending from sea level
to the top of the atmosphere.

Why do we use mercury in the barometer? Mer-
cury is the hcaviest substance available which re-
mains liquid at ordinary temperatures. It permits
the instrument to be of manageable size. We could

ATMOSPHERIC
PRESSURE

Ficure 8. The mercurial baromcter. Atmaspheric pres-
sure forces mercury from the opea dish upward into the
cvacuated glass tube. The height of the mercury column
is a measure of atmospheric pressure,

12

use water, but at sea level the water column would
be about 34 feet high.

The Aneroid Barometer

Esscntial features of an aneroid barometer illus-
trated in figure 9 arc a flexible metal cell and the
registering mechanism. The cell is partially evac-
uated and contracts or expands as pressure changes.
One end of the cell is fixed, while the other end
moves the registering mechanism. The coupling
mechanism magnifies movement of the cell driving
an indicator hand along a scale graduated in pres-
sure units.

Pressure Units

Pressure is expressed in many ways throughout
the world. The term used depends somewhat on its
application and the system of measurement. T'wo
popular units are “inches of mercury™ or “milli-
meters of mercury.” Since pressure is force per unit
arca, a more explicit expression of pressure is
“pounds per square inch™ or “grams per square
centimeter.” The term “millibar”  precisely  ex-
presses pressure as a foree per unit area, one milli-
bar being a force of 1,000 dynes per square
centimeter. The millibar is rapidly becoming a
universal pressure unit,

Station Pressure

Obviously, we can measure pressure only at the
point of measurement. The pressure measured at a
station or airport is “station pressure™ or the actual
pressure at field elevation. We know that pressure
at high altitude is less than at sea level or low alti-
tude. For instance, station pressure at Denver is
less than at New Orleans. Let's look more closely
at some factors influencing pressure.

PRESSURE VARIATION

Pressure varies with altitude and temperature of
the air as well as with other minor influences which
we neglect here,

Altitude

As we move upward through the atmosphere,
weight of the air above becomes less and less. 1f
we carry a baroineler with us, we can measure a
decrease in pressure as weight of the air above de-
creases. Within the lower few thousand fect of the
troposphere, pressure decreases roughly one inch
for cach 1,000 fect increase in altitude. “The higher
we go, the slower is the rate of decrease with height,
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Ficure 9. The aneroid barometer. The aneroid consists of a partially evacuated metal cell, a coupling mechanism, and an
indicator scale. The cell contracts and expands with changing pressure. The coupling mechanisin drives the indicator

along a scale graduated in pressure units,

Figure 10 shows the pressure decrease with height
in the standard aunosphere. These standard alti-
tudes are based on standard temperatures. In the
real atmosphere, temiperatures are seldom standard,
so let’s explore temperature effects.

Temperature

Like most substances, air expands as it becomes
warmer and shrinks as it cools. Figure 11 shows
three columns of air—one colder than standard,
onc at standard temperature, and one warmer than
standard. Pressure is equal at the bottom of each
column and equal at the top of each column,
Thercfore, pressure decrease upward through cach
column is the samne. Vertical expansion of the warm
column has made it higher than the column at
standard temperature. Shrinkage of the cold col-
ummn has made it shorter. Since pressure decrease
is the same in cach column, the rate of decrease of
pressure with height in warm air is less than stan-
dard; the rate of decrease of pressure with height
in cold air is greater than standard. You will soon
sce the importance of temperature in altimetry and
weather analysis and on aircraft performance.

Sea Level Pressure

Since pressure varies with altitude, we cannot
readily compare station pressures between stations
at different altitudes. T'o make them comparable,
we must adjust them to some common level. Mean
sca level seems the most feasible common reference.
In figure 12, pressure measured at a 5,000-foot sta-
tion is 25 inches; pressure increases about 1 inch
for each 1,000 feet or a total of 5 inches. Sea level
pressure is approximately 25 + 5 or 30 inches. The
weather observer takes temperature and other ef-
fects into account, but this simplificd example ex-
plains the basic principle of sca level pressure
reduction,

We usually express sea level pressure in millibars,
Standard sca level pressure is 1013.2 millibars,
29.92 inches of mercury, 760 millimeters of mer-
cury, or about 14.7 pounds per square inch. Figures
23 and 24 in chapter 4 show world-wide averages
of sca level pressure for the months of July and
January, Pressure changes continually, however,
and departs widely from these averages. We use a
sequence of weather maps to follow these changing
pressures,

13
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Figure 10. The standard atmosphere. Note how pressure decreases with increasing height; the rate of dec

rease with height
is greatest in lower levels.

14



EQUAL PRESSURE

WARM
STANDARD

EQUAL PRESSURE

Figurz 11. Three columns of air showing how decrcase
of pressure with height varies with temperature. Left
column is colder than average and right column, warmier
than average. Pressure is equal at the bottom of cach
column and equal at the top of each column. Pressure
decreases most rapidly with height in the cold air and
least rapidly in the warm air.

Pressure Analyses

We plot sea level pressures on a map and draw
lines connecting points of equal pressure. These
lines of equal pressure are fsobars. Tence, the sur-
face map is an isobaric analyss showing identifi-

able, organized pressure patterns, Five pressure
systetns are shown in figure 13 and are defined as
follow:

i LOW--a center of pressure suttounded on
all sides by higher pressures abso called
cyclone. Cyelonie curvature &5 the curnvature
of isobats to the left when you stand with
lower pressure to your left,

2. HIGH—-a center of pressure sinrounded on
all sides by lower pressure, also called an
anticyclone, Antieyelonic curvature s the

curvature of isobius 1o the right when you

stand with lower pressure to vour left.

TROUGI -

sure with the lowest pressupe along a line

marking maximum cyclonic curvatue,

4. RIDGE~-
sure with the highest presswre along a line

©

an clongated area of low pres-

an elongated area of high prese

marking maximum anticyclonic curvatere,
. COL.- -the neatral area between twa highs
and two lows,

[, ]

It also s the intersection of

¢ trougls and a ridee, The col on o pressure
surface is analogous to a mountain prass on
a topographic surface,

Upper air weather maps reveal these siune types
of pressure patterns alolt for several levels. "They
also show temperature, moisture, and wind at cach
level. In fact, a chart is available for a level within
a few thousand feet of your plinned cruising ali-
tude, Aviarion Wearier Services hists the approx-
imate heights of upper air maps and shows details

of the surface map and vach upper air chart

A Pressurg
at 5000 of
25 INCHES

T T T T T T

Ficuze 12. Reduction of station pressure to sea level. Pressure increases about 1 inch per 1,000 feet from the station
clevation to sea level.
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Ficure 13,

Chapter 4 of this book ties togetier the surfuce
chart and upper air charts into a three-dimensional
picture.

An upper air map is a constant pressure analysis.
But, what do we mean by “constant pressure”?
Constant pressure simply refers to o specific pres-
sure, Let's arbitrarily choose 700 millibars, Fvery-
where above the carth’s surface, pressure decreases
with height; and at some height, it decreases o this
constant pressure of 700 millibars. ‘Therefore, there
is a “surface” throughout the atmosphere at which
pressure is 700 millibars, We call this the 7J0-
millibar constant pressure surface. However, the
height of this surface is not constant, Rising pres-
sure pushes the surface upward into highs and
ridges. Falling pressure lowers the height of the
surface into lows and troughs. These systems mi-
grate continuously as “waves” on the pressure sur-
face. Remember that we chose this constant
pressure surface arbitrarily as a reference. It in no
way defines any discrete boundary.

16
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Pressure systems.

The National Weather Seivice and
weather services take rowine scheduled upper air

militiry

observations- -sometimes called soundines. A hal-
loon carries aloft a radiosonde instiiment which
consists of mmatire radio rear casd sensing ele-
ments. While in thieht, the radiosonde transois
datay from which aspecialist detenmines wind, tem-
perature, maistore, and heicht at selected pressie
surfaces.

We routinely collect these observations, plot the
heights of a constant pressure surface on a map,
and draw lines connecting points of equal heighu
These lines are height contours.
height contour?

dut, what is a

First, consider a tepographic map with contours
showing vaniations in clevation, These are height
contours of the terrain surface The Earth surface
is a fixed reference and we contour variations in
its height.

The same concept applies to height contours on
a constant pressure chart, except our reference is a



constant pressuve surface. We simply contour the
heights of the pressure surface, For example, a 700-
millibar constant pressure analysis is a contour
map ol the heights of the 700-millibar pressure sur-
face. While the contour map is based on variations
in height, these variations are small when com-
pared to flight levels, and for all practical pur-
poscs, you may regard the 700-millibar chart as a
weather map at approximately 10,000 fect or 3,048
meters.

A contour analysis shows highs, ridges, lows, and
troughs aloft just as the isobaric analysis shows such
systemms at the surface. What we say concerning

pressure patterns and systerns applies equally to an
isnharic or a contour analysis.

Low pressure systems quite often are regions of
poor fiying weather, and high pressure areas pre-
dominantly are regions of favorable fiying weather,
A word of caution, however—use care in applying
the low pressure-bad weather, high pressure-good
weather rule of thumb; it ali too frequently fails.
When planning a flight, gather all information pos-
sible on expected weather, Pressure patterns also
bear a direct relationship to wind which is the sub-
ject of the next chapier. But first, let’s look at pres-
sure and altimeters.

ALTIMETRY

The altitneter is essentially 2 aneroid barometer.
The dilTerenee is the scale. The altimeter is grad-
uated to read increments of height rather than
units of pressure. The standard for graduating the
altimeter is the standard aunosphere.

ALTITUDE

Altitude serms ke a simple term; it means
height. But in aviation, it can have many meanings.

True Altitude

Since existing conditions in a real atmosphere
are seldom standard, altitude indications on the
altimeter are seldom actual or true altitudes. True
altitude is the actual or exact altitude above mean
sea level. 1 your altimeter does not indicate true
altitude, what does it indicate?

Indicated Altitude

Look again at figu.e 11 showing the effect of
mean temperature on the thickness of the three
columns of air. Pressures are equal at the bnottoms
and equal at the tops of the three layers. Since the
altimeter is essentialiy a barometer, altitude indi-
cated by the altimeter at the top of cach column
would be the same. To see this efTect more clearly,
study figure 14, Note that in the warm air, you fly
at an altitude higher than indicated. In the cold
air, you are at an altitude lower than indicated.

Height indicated on the altimeter also changes
with changes in surface pressure. A movable seale
on the allimeter permits you to adjust for surface
pressure, but you have no means of adjusting the
instrument for mean temperature of the column of

air belov you. Indicated altitude is the altitude
above mean sea level indicated on the altimeter
when set at the local altimeter setting. But what is
altimeter sctting?

INDVMCATED ALTHITUDE 10,000 feet
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29.92 in.
Ficure 14, Indicated altitude depends on air tempera-

ture below the aircraft. Sice pressure is equal at the
bases and equal at the tops  f each column, indicated
altitude is the same at the top of cach column, When air
is volder than average (right), the altimieter reads higher
than true altitude. When air is warmer than standard
(left), the altimeter reads lower than true altitude.
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Altimeter Setting

Since the altitude scale is adjustable, you can set
the altimeter to read true altitude at some specified
height. Takeoff and landing are the most critical
phases of flight; thercfore, airport elevation is the
most desirable altitude for a true reading of the
altimeter. Altimeter setting is the value to which
the scale of the pressure altimeter is set so the al-
timeter indicates true altitude at field elevation.

In order to ensure that your altimeter reading is
compatible with altimeter readings of other aircraft
in your vicinity, keep your altimeter setting current.
Adjust it frequently in flight to the alt' eter set-
ting reported by the nearest tower or weather re-
porting station. Figurc 15 shows the trouble you
can encounter if you are lax in adjusting your al-
timeter in flight. Note that as you fly from high
pressure to low pressure, you are lower than your
altimeter indicates.

Figure 16 shows that as you fly from warm to cold
air, your altimeter reads too high—you are lower
than your altimeter indicates. Over fliut terrain this
lower than true reading is nu great problem; other
aircraft in the vicinity also are flying indicated

THAN YOUR ALTIMETER

When Pressure

rather than true altitude, and your altimeter read-
ings are compatible. If flying in cold weather over
mountainous areas, however, you must take this dif-
ference between indicated and true altitude into
account. You must know that your true altitude
assures clearance of terrain, so you compute a cor-
rection to indicated altitude.

Corrected (Approximately True) Altitude

If it were possible for a pilot always to determine
mean temperature of the column of air between
the aircraft and the surface, flight computers would
be designed to use this mecan temperature in com-
puting true altitude. However, the only guide a
pilot has to temperature below him is free air
temperature at his altitue.. Therefore, the flight
computer uses outside air temperature to correct
indicated altitude to approximate true altitude,
Corrected altitude is indicated altitude corrected
for the temperature of the air column below the
aircraft, the correction being based on the esti-
mated departure of the cxisting temperature from
“tandard atm--pheric temperature. It is a close
approximation to true altitude and is labeled true
altitude on flight computers. It is close enough to

. \\ |/ /,
LOWERS o \f e
Evoue— YOU ARE LOWER - ——
— - ~

998mb

29.84”
(1010.5mb)

INDICATES

e 29.96"
ST (1U14,6mb)

Figurk 15, When flying from high pressure to lower pressure without adjusting your altimeter, you are losing true altitude,
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Fiourz 16.

Effect of temperature on altitude. When air is warmer than average, you are higher than your altimeter indi-

cates. When temperature is colder than average, you arc lower than indicated. When flying from warm to cold air at a

constant indicated altitude, you are losing true altitude.

true altitude to be used for terrain clearance pro-
vided you have your altinicter sct to the value re-
ported from a nearby reporting station.

Pilots have met with disaster because they failed
to allow for the difference between indicated and
true altitude. In cold weather when you must clear
high terrain, take time to compute true altitude.

FAA regulations require you to fly indicated alti.
tude at low levels and pressure altitude at high
levels (at or above 18,000 feet ut the time th's book
was printed). What is pressure altitude?

Pressure Altitude

In the standard atmosphere, sca level pressure is
29.92 inches of mercury or 1013.2 millibars. Pres-
sure {alls at a fixed rate upward through this hypo-
thetical atmosphere. Thercfore, in the standard
atmosphere, a given pressure exists at any specified
altitude. Pressure altitude is the altitude in the
standard atmosphere where pressure is the same as
where you are. Since at a specific pressure altitude,
pressure is everywhere the same, a constant pres-

sure surface defines a constant pressure altitude.
When you fly a constant pressure altitude, you are
flying a constant pressure surface.

You can always determine pressure altitude from
your altimeter whether in flight or on the ground.
Simply set your altimeter at the standard altimeter
setting of 29.92 inches, and your altimeter indicates
pressure altitude.

A conflict sometimes occurs near the altitude
separating flights using indicated altitude from
those using pressure altitude. Pressure altitude on
one aircraft and indicated altitude on another may
indicate altitude separation when, actually, the two
are at the same true allitude. All flights using pres-
sure altitude at high altitudes are IFR controlled
flights. When this conflict occurs, air traffic control-
lers prohibit IFR flight at the conflicting altitudes.

DENSITY ALTITUDE

What is density altitude? Density altitude simply
is the altitude in the standard atmosphere where
air density is'the same as where you are. Pressure,
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temperature, and humidity determine air density,
On a hot day, the air becomes “thinner” or lighter,
and its density where you are is equivalent to a
higher altitude in the standard atimosphere—thus
the term “high density altitude.” On a cold day,
the air becomes heavy; its density is the same as
that at an altitude in the standard atmosphere
lower than your altitude—*low density altitude.”

Density altitude is not a height reference; rather,
it is an index to aircraft performance. Low density
altitude increases performance. High density alti-
tude is a real hazard since it reduces aircraft per-
Joimance. 1t alfects performance i three ways.
(1) It reduces power because the engine takes in
less aiz to support combustion. {2) Tt reduces thrust
berause the propeller gets less grip on the light air

or a jet has less mass of gases to spit out the ex-
haust, (3) It reduces lift because the light air
exerts less force on the alrfoils,

You cannot detect the effect of high density alti-
tude on your airspeed indicator. Your aircraft lifts
off, climbs, cruises, glides, and lands at the prescribed
indicated airspeeds. But at a specilicd indicated
airspeed, your true airspeed and your groundspeed
increase proportionally as density altitude becomes
higher.

The net results are that high density altitude
lengthens your takeoll and landing rolls and re-
duces your rate of climb. Before lift-off, you must
attain a faster groundspeed, and therefore, you
need more runway; your reduced power and thrus.
add a need for still more runway, You land at a
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Effect of density altitude on takeofl and climb, High density altitude lengthens takeoff roll
and reduces rate of climb,

20



faster groundspeed and, therefore, need more room
to stop. At a prescribed indicated airspeed, you are
flying at a faster true airspeed, and therefore, you
cover more distance in a given time which means
climbing at a more shallow angle. Add to this the
problems of reduced power and rate of elimb, and
you arc in double jeopardy in your climb. Figure
17 shows the elfect of density altitude on takeoff
distance and rate of climb.

High density altitude also can be a problem at
cruising altitudes. When air is abnonally warm,
the high density altitude lowers your seivice eciling.
For example, if temperature at 10,000 feet pres-
sure altitude is 20° G, density altitude is 12,700

feet, (Cheek this on your flight computer.) Your
alreralt will peiform as theagh ic were at 12,700
indicated with a normal temperatiee of - -8° C,

To compute density altitade, set your allimeter
at 29.92 inches or W32 Lillibars and vead pres-
sure altitude Drom your altimieter, Read outside air
teiperatire and then use your flight computer to
get deasity altitude. On an airport served by a
weather olserving station, you usually «an get den-
sity alutude for the airport from the obsenver. See-
tion 16 of Avianrion Weariier Services has a
graph for computing density altitude 3 vou have
no flight computer handy,

IN CLOSING

Pressure patterns can be a clue to weather causes
and movenient of weather systems, but they give
only a part of the total weather picture. Pressure
decreases with inereasing altitude. The altimeter is
an aneroid barometer graduated in increments of
ahitude in the standard atmosphere instead of units
of pressure. “Temperature greatly affects the rate of
pressure decrease with height; therefore, it influ-
ences altimeter readings. ‘Temperature also deter-
mines the density of air at a given pressure (density
altitude). Dlensity altitude is an index 1o aireraft
perfornance. Always be alert for departures of
pressure and temperature from normals and come
pensate for these abnornnalitics,

Following are a few operational reminders:

I, Beware of the low pressure-bad weather,
high pressure-good weathier rule of thuinb.
It frequetly fails. Always get the complete
weather picture.

2. When flying from high pressure 1o low pres-
swre at constant indicated altitude and with-
out adjusting the altimeter, you are losing
true altitude.

3. When temperature is colder than standard,
you are at an altitude lower than your al-
timeter indicates. When  temperature s
warmer than standard, you are higher than
your altitncter indicates.

4. When flying cross country, keep vour altim-
eter setting current. This procedure assures
more positive altitude separation from other
aircraft,

When dlving over high terrain in cold

weather, compute your true altitude 1o en-

)

sure terrain clearance,

6. When your aireraft s heavily loaded, the
temperature is abnonmally warm, and/or
the pressure is abnormally low, compute
density altitude, Then check your airerafly
manual to ensure that you can become air-
borne from the available runway, Check
further to determine that vour rate of climh
pertaits clearance of obstacles beyond  the
end of the runway, This procedure s ad-
visable for any airport regardless of altitude,

7. When pluming takeoll or landing at a
high altitude airport regardless of load,
determine density altitnde. The procedure
is.especially eritical when wemperature s
abnormally warn or pressure abnormally
low, Make certain you have sufbicient run-
way for takeotT or landing roll, Make sure
you can clear obstacles heyvond the end of
the runway aflter takeoff or in event of a
go-around.

8. Sometimes the altimeter setting is taken
from an instrument of questionable reli-
ability. However, if the instrumient can
cause an crror in altitude reading of more
than 20 feet, it is removed from service,
When altimeter setting is estimated, be pre-
pared for a possible 102 10 20-fost differ-
ence between field elevation and your al-
timeter reading at touchdown,
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